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                           Abstarct 
It has been shown that rapid-solidified (RS) melt-spun fiber/ribbon/foil type samples can have very high 
performance of the metallic actuator/sensor properties by the authors. However, as for the applications of 
these sample materials in smart material systems, the developed rapid-solidified samples are thought to be 
inevitably too small force to move the machines and structures in the engineering field. Then in this paper, 
we propose one novel material processing technique that can produce the bulk type solid-state 
actuator/sensor materials by combing the rapid-solidified fiber/ribbon with short time spark plasma 
sintering/joining (SPS) method 
 
 
Introduction 
It has been shown that rapid-solidified (RS) melt-spun fiber/ribbon/foil type samples can have very high 
performance of the metallic actuator/sensor properties by the authors.[1]  In those studies, it has been 
reported that the thin foil or very fine fiber sensor/actuator material elements could be produced by 
changing the rotating speed of rapid-solidification roller of either plane surface type or triangle-tip type. 
The technique of producing the rapid-solidified (RS) melt-spun fiber/ribbon/foils is shown in Fig.1 They 
had strong crystalline texture with fine columnar grains that were uniquely formed during 
rapid-solidification process as shown in Fig.2.  As the thermoelastic shape memory alloy (TSMA), 
TiNiCu alloy foils and fibers with shaper and very non-linear hysteresis with narrow transformation 
temperature range below 10K were successfully developed up to the present as shown in Fig.3. [1] 
However, as for the applications of these sample materials in smart material systems, the developed 
rapid-solidified samples here are thought to be inevitably too small force to move the machines and 
structures in the engineering field. Then in this paper, we propose one novel material processing 
technique that can produce the bulk type solid-state actuator/sensor materials by combing the 
rapid-solidified fiber/ribbon with short time spark plasma sintering/joining (SPS) method. [2] 
 
 
Experiments and Results 
The basic concept of this material processes is shown in Fig.4 and Fig.5.  First, we have to make the 
performs for bulky composite which consist of 1) the stacked layers of RS-ribbons or 2) the crashed 
RS-fibers by ball-milling as shown in Fig.20. Then, the green-compacted or stacked layers of RS-material 
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elements are sintered/joined under electric pulse currents with short time within a few minutes in the dies 
under compressive stresses at high temperature.The schematic figure SPS processing and its features are 
shown in Fig.4. 
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Fig.1(left) The single roll method for producing the rapid-solidified (RS) melt-spun 

ribbon/foils  
Fig.2(right)  An example of the clearly developed columnar grains by rapid-solidification. 

 
 
 
 
Fig.4  The comparison of narrow and sharp hysteersis of recovery strain vs. temperature 

relationship in the developed rapid-solidified Ti50Ni40Cu10st% alloy ribbon sample 
which was produced by our originally developed rapid-solidified (RS) melt-spun 
fiber/ribbon/foils making machine(left figure). 
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ig.4 Basic concept of this material process that can produce the bulk type solid-state 
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actuator/sensor materials by combing the rapid-solidified fiber/ribbon with short time spark 
plasma sintering/joining (SPS).  
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Fig.5  Schematic figure spark plasma sintering/joining (SPS)  process and its featur
new materials developments 

 



SPS is characterized by producing the high density bulk material as well as short sintering period to 

the 

ig.6 The samples produced 1) the disk-type sample from stacked layers of RS-ribbons (left photo) 
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suppress the changes of unique fine columnar grains with high performances of RS-samples during heating 
in the die as well as the formation of brittle interface reacted elements such as oxides as much as 
possible.Fig.6 shows the samples which were produced 1) the disk-type sample from stacked layers of 
RS-ribbons (left photo) and 2)the sintered compact from ball-milled RS-fibers of Ti50Ni40Cu10 alloy. 
The produced samples showed clear thermoelastic phase transformation by DSC evaluation as well as 
shape recovery effect as shown in Fig.7. These experimental results show us the effectiveness of 
proposed, one novel material processing technique that can produce the bulk type solid-state 
actuator/sensor materials by combing the rapid-solidified fiber/ribbon with short time spark plasma 
sintering/joining (SPS) method. The same approach is now being tried for making bulky magnetostrictive 
FeGa alloy systems at Hirosaki University. 
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and 2)the sintered compact from ball-milled RS-fibers of Ti50Ni40Cu10 alloy.  

 
 
 
 
F duced samples showing clear thermoelastic shape recovery phenomena by heating.
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